Background: Penetrating heart injuries are seldom but are highly lethal traumas. In-house cardiac surgery teams and adequate technical equipment are generally not found outside of major health institutions in Turkey. We evaluate the diagnosis and treatment of penetrating heart injuries, the difficulties encountered during surgical treatment of such conditions as well as problems faced by hospitals with limited cardiac surgery manpower and lacking adequate equipment to deal with such incidents.
Introduction
Penetrating heart injuries are caused by edged or sharp objects, firearms, and rarely by puncture from a fractured sternum or ribs. Cardiac injuries can range from damage to the pericardial sac to full-depth lacerations of the myocardium. Although penetrating heart injuries are less common compared to other types of penetrating injuries, they are more likely to be fatal [1] . Clinical findings in penetrating heart injuries range from a hemodynamically stable condition to cardiopulmonary arrest. The clinical presentation depends on the type of the injury, the time it takes to transport the victim to a trauma center, size of the myocardial laceration, amount of intravascular volume loss, presence of pericardial tamponade and the existence of accompanying organ injuries [2] .
In this article, we evaluate the diagnosis and treatment of penetrating heart injuries, the difficulties encountered during surgical treatment of such conditions as well as problems faced by hospitals with limited cardiac surgery manpower and lacking adequate equipment to deal with such incidents in Turkey.
Material and Method
The diagnosis of 'penetrating heart injury' between 1 January 2008 and 31 December 2009 was scanned through hospital data processing system. The patients' files was evaluated and their age, gender, etiology and side of injury, clinical state, associated injuries, intraoperative findings, difficulties during surgery and results were recorded. The diagnostic and treatment approaches were compared with those given in the current literature. (Turkey) with penetrating heart injuries were encountered during the study period. The average age for the 10 male patients was 26.2, and the only female patient was 65 years old.
Results

Eleven patients presenting to Kahramanmaras State Hospital
All the cases were initially evaluated in the emergency department (ED) and immediately after this evaluation, a chest surgeon was consulted for all patients. Nine patients underwent surgery with chest surgeon and for six of them, cardiac surgeons were also present in the surgical team.
Three (26%) of the patients were presented with signs of hypovolemia (hypotension, tachycardia), four (37%) with progressive shock (hypotension, tachycardia, cool extremities and loss of consciousness) and four (37%) with shallow respiration in addition to progressive shock. These four patients were intubated in the ED and were taken straight into the operation room (OR) ( Table 1) . Four of the patients were brought into the ED with intravenous cannulation having been performed. Central venous catheterization was successfully performed in the ED for all patients. For the other seven patients, emergency blood count and computerized tomographic imaging were completed in the ED.
The etiology of the injuries revealed trauma were caused by edged and sharp objects in 9 (82%) cases, by puncture from a fractured sternum and ribs in 1 (9%) case and by puncture of a fractured rib in 1 (9%) case. Pericardial rupture and pneumopericardium were seen in those cases caused by puncture from fractured bones following a blunt trauma. In nine cases caused by edged and sharp objects the object entry sites were noted as posterior side of left hemithorax in three patients, right parasternal region in one patient, xyphoid in one patient, anterior side of left hemithorax in four patients. The penetrating heart injuries in two patients from blunt trauma were caused by a puncture from fractured bones on the anterior chest wall ( Table 1) .
Left anterolateral thoracotomy was performed in four patients, left posterolateral thoracotomy was performed in three patients, right anterolateral thoracotomy in two patients, sternotomy was performed on one patient and one had a clamshell incision. In eight (73%) of the patients, the left ventricle was damaged whereas right ventricle injury was seen in the remaining three (27%) patients. Six (55%) pa- tients had hemothorax on the left side and two (18%) had bilateral hemopneumothorax. Three patients had no hemothorax associated with their injuries. Other injuries by locations are as follows: six patients had injuries in the pulmonary parenchyma, one in the pulmonary hilus, two in the aorta, one in the coronary artery and one in the valves and one patient presented with injuries to anterior and posterior walls of the ventricle. The size of the lacerations in the heart ranged from 0.5 cm to 3 cm ( Table 2 and 3) .
Bleeding for the large lacerations was first controlled with finger pinch followed by a foley catheter. Lacerations were then repaired with 2/0-0-4/0 propylene sutures. A pericardial patch was used in one case and pledgets in two others. Since the lacerations were repaired with full layer of sutures, the balloons of the Foley catheters were accidentally punctured number of times, which required the replacement with a new catheter during surgery. The patient who suffered a cut in the coronary artery could not be given a coronary by-pass surgery due to technical inadequacies and the artery had to be ligated. This patient died later due to perioperative myocardial infarction. Four (37%) out of eleven patients were survived. Two patients died in ED, four died early in the post-surgery stage due to bleeding complications and one died 20 days after surgery due to pulmonary complications. The total mortality was 63% in our case series (Table 3 ).
Discussion
Of all trauma cases that require emergent surgical management 10.4% are chest trauma. About 1% of all chest traumas present with cardiac injuries [3] . About 75% of penetrating heart injuries results from edged and sharp objects in Turkey whereas 45-65% with firearm injuries in the USA, and 85-95% with edged and sharp objects in South Africa and China [4] [5] [6] [7] [8] .
The majority of the patients brought into the ED suffering from a penetrating heart injuries are hemodynamically unstable and have high risk of mortality, which is reported to vary between 3% and 94% depending on the type of injury sustained [4, [9] [10] [11] [12] [13] [14] . The mortality rate varies based on the size of the injury, the overall condition of the patient and the presence of accompanying organ injuries. Most studies found that the mortality rates are higher in injuries caused by firearms [14] [15] [16] . None of our patients' injuries was caused by a firearm but the overall mortality rate was 63%.
The frequency of the location of penetrating heart injuries are right ventricle, left ventricle, right atrium and left atrium. Even though injuries to the right ventricle are more common, the mortality is low compared to the other locations [17] . A generally accepted view is that the cardiac tamponade resulting from right ventricle injuries that only involves the heart chamber has positive impact on survivability. The exact mechanism for this is unknown; however, it is thought that the pressure caused by the thrombosed hematoma plays a role in limiting the bleeding [18] [19] [20] . In our patient group, the most commonly injured site was the left ventricle and three patients developed cardiac tamponade but only one of them survived.
Despite the advances made in pre-hospital emergency care, the majority of the patients with cardiac injuries die before reaching hospital [21] . Demetriades reported that only 20% survived to reach the hospital whereas Campbell et al found only 6% of their patients were alive upon arrival at hospital [1, 7] . In Turkey, only 3.5% of the patients with penetrating heart injuries are found to survive until arrival at a hospital [22] .
In certain cases, patient history, physical exam, injury location and clinical presentation of the patient are sufficient for diagnosis. Anatomically, injuries located in the frontal thorax, between the nipples, jugular notch of the sternum and upper abdomen are considered cardiac injuries unless proven otherwise [23] .
Time should not be wasted on extensive diagnostic tests in patients with penetrating heart injuries. For the small number of hemodynamically stable patients echocardiography (ECHO)and computer tomography (CT) can be performed. ECHO exams done prior to surgery could provide valuable insight about the presence of valvular or atrium/ ventricle injuries. In patients for whom pre-operative ECHO is not performed, transesophageal ECHO can be performed to evaluate the functions of the valves and intra-ventricular injuries [24] . We performed post-operative ECHO for one of our patients, but no additional treatment was required.
A median sternotomy can be performed in stable patients [2, 25] . This technique provides clear and superior view of the heart, larger vessels and pulmonary hili. However, the technique may not be appropriate in reaching the lacerations on the posterior surface of the heart or the aorta and esophageus in posterior mediastinium injuries [25] . An anterolateral thoracotomy may be preferred in unstable patients and for patients in extremis. Compared to sternotomy, it can be performed more rapidly and can be extended into the opposing hemithorax by cutting through the sternum if needed [2, 8, 25] . Once a thoracotomy or sternotomy is performed, the pericardium should be opened and any tamponade should be released in order to make the heart visible [26] . Following that procedure, rapid control of bleeding and simultaneous fluid replacement to increase the cardiac output should be undertaken. Once essential stabilization has been performed, the repair of the laceration should be undertaken. Initial control of the bleeding can be accomplished by a finger or a foley catheter inserted in the laceration. The ultimate repair of the laceration following the initial bleeding control can be performed with a controlled manipulation while a finger is still inserted in the laceration or while a foley catheter is inserted and inflated in place. In this technique, while a finger is pressed against the lesion, a suture is placed with the other hand. The finger is moved upward after each suture is placed. The sutures should be placed through the entire thickness of the myocardium. For lacerations near the coronary arteries, sutures should be placed under the coronary arteries, without damaging the blood flow [27] . The final repair can also be performed without controlling the bleeding with a finger or foley catheter; however, this reduces the chance of survival for patients in shock.
There are number of practical difficulties when repairing a laceration in the heart. The suturing needle may pierce the finger or the glove while the finger is inserted into the laceration to control bleeding. Releasing the finger partially or completely to create room for suturing may result in massive bleeding in the injury site. A foley catheter may provide valuable time for bleeding control and fluid resuscitation. However, puncturing the catheter's balloon while suturing may result in massive bleeding and loss of volume. The time lost during the replacement of the catheter may be associated with increased mortality. The foley catheter may need to be over inflated for large sized lacerations and this result in reduction in the filling pressure and cardiac output [27] . These difficulties were encountered during the surgical procedures on almost all of our cases.
If coronary arteries lie near the lacerations on the myocardium, sutures can be placed horizontal to the arteries in order to maintain blood flow through them. Small coronary branches may be ligated. When both the heart and a coronary artery has been damaged with a single cut, placing the primary sutures over the coronary artery while focusing on the emergency bleeding control may result in intraoperative or postoperative myocardial infarction. This condition may necessitate a bypass during surgery [26, 28, 29] . A myocardial infarction developed in one of our patients for whom we were not able to provide coronary bypass after coronary artery ligation.
Cardiac injuries become more complicated and life threatening when they are accompanied by an injury to a coronary artery, great vessel, mammarian arteria thoracica interna artery or vein, valve, corda tendinia, or septum or when there are multiple lacerations on the myocardium. In these cases, morbidity or mortality may be seen following an emergent surgery for the primary repair of the heart laceration [28] [29] [30] .
Conclusion
Since it is not always possible to transport the patient to a cardiac surgery facility where qualified cardiac surgeons are in attendance in Turkey, emergency physicians, general surgeons or chest surgeons are sometimes required to provide the interventions. When doctor's experience and the equipment and supplies are limited for such interventions, mortality rates increase unfortunately.
